Abstract -This paper considers the issue of noise reduction laser source, but studies on the effect revealed that it can be associated with Optical Feedback Self-mixing Interferometries employed for sensing and measurement of metrological (OFSMI). The objective is to develop an effective pre-processing quantities.
FIR filter. The performance of the two types of filters are part of the system consists of a SL, a lens and an external investigated. It is shown that median filters are capable of target. The front facet of the SL and the target forms an removing sparkle-like noise while Kaiser based FIR filters are external cavity of the SL. When the target moves or the effective in reducing the high frequency noise as well as the slow injection current inside the SL changes, the light phase of the time-varying signal envelop fluctuation. Interestingly our results external cavity will be modulated, and thus the emitted SL show that the best performance is achieved by combining the two power will vary. The emitted SL power, also called the filters, that is, a median filter followed by a Kaiser-based FIR OFSMI signals, is detected by a monitor photodiode (PD) filter. In other words, the estimation accuracy of OFSMI usually packed in the rear of the SL and then amplified by a parameters such as the line-width enhancement factor (LEF) of trans-impedance amplifier for further processing. The OFSMI semiconductor lasers is significantly improved with the aid of the signals carry the information associated to the external target proposed pre-processing solution.
as well as the source SL. The commonly-used OFSMI sensing
Keywords -filter, signal processing, optical feedback self-mixing is to firstly obtain OFSMI signals based on the basic system interferometry, semiconductor laser, linewidth enhancement set-up shown in Fig. 1 , and then, retrieve the measured factor.
information from the OFSMI signals using different algorithms.
I. INTRODUCTION
The optical feedback self-mixing interferometry (OFSMI) effect occurs when a small fraction of light emitted by a laser is reflected or backscattered by an external target and re-enters the laser active cavity, resulting in variance of both the amplitude and the frequency of the emitted laser power [1] [2] . Optical feedback in semiconductor lasers (SLs) is a long-time studied topic which attracted extensive pioneering research work on classifications of different feedback regimes, optical spectrum modification, and RF noise characteristics of back-injected SLs [3] [4] [5] [6] [7] [8] . During the early days OFSMI effect was considered a major source of undesired disturbance to the Fig. 1 . the experimental set-up based on OFSMI
The quality of signals observed plays a crucial role in the structure and optical power detection circuits. However, given performance of OFSMI based instruments. In practice, due to the work done so far, the noise elimination is still a issue as the the influence of many Fig. 2 (b) . Also the signals are always influenced by a OFSMI signals have been extensively studied multiplicative noise, making the waveform envelop fluctuate [5, 9, 10, 15, [16] [17] [18] , which usually have a fringe structure with time, as shown in Fig. 2(c) .
similar to the traditional interference fringes, and each fringe period corresponds to 2IT shift in the laser phase, which also between these points disclose the parameters associated to the -0.4 ___________________________________ _i L i LSL used in the OFSMI system [12, 16] , further more, these 0 0.5 1 1.5 2 2.5 3 parameters also reflect the accurate moving information (c) associated to the external target [13, 14] . As all the existing theory and measurement algorithms related to OFSMI are based on a normalized signal shown in The above mentioned noise and disturbance can seriously Fig. 3 , it is necessary to accurately measure the peak values on degrade the performance of sensing and measurement using an experimental OFSMI signal in order to normalize the OFSMI systems. As a result, removal of the noise and practical signal. Then, those characteristic points can be disturbance is a significant issue in this area of research. The determined on the experimental signal. So the peaks values are traditional way to address this issue is to optimize the optical also important characteristic parameters for an OFSMI signal.
B. Filter design are well kept. However, there are still some residual sparkles, as can be seen clearly from the enlarged view. These residual The above analysis will give a guideline for us to design sparkles will still affect the normalization for the OFSMI data digital filters. In most cases, people simply use a as it might be taken as the peak value of the signals. This will moving-average filter to remove the additive white-like noise degrade the parameters estimation accuracy using the contained in an OFSMI signal. However further processed. OFSMI signal is displayed on the top and its filtered one using a 19 points median filter is on the bottom on Fig. 5 (a) . The enlarged view for one fringe after filter is shown on Fig. 5 (b) . Obviously, this medium filter is able to greatly reduce the amplitudes of impulsive noise, and also it jumping locations of the waveform. In is with ,8=30
However, the cut-off frequency 0c2 should be chosen with much more care as it a significant impact on the jumping edge
The above results show that Kaiser based band pass filters are which shows that very clean OFSMI signal waveform can be able to combat the high frequency noise and slow-time varying obtained. fluctuations. However they also introduce some distortion at the locations of the jumping points. Also the peak values are III.
THE MEASUREMENT RESULTS increased if we only use Kaiser based filters. In other words, respond ofthe Kaiser based filter to the jumping waveform and
In order to test the performance of the proposed approach, we sparkles is not as good as that of the median. In order to firstly employed the proposed filtering technique to the data achieve the best performance, we propose to employ median described in Section II C, and then fed the pre-processed data filters followed by Kaiser based filters and the performance is into the algorithm presented in [12] on the measurement of the shown in Fig. 9 .
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